Accumulation of the phytoalexin glyceollin i in soybean nodules infected by a bradyrhizobium-japonicum-nifa mutant by Parniske, Martin et al.
Z E I T S C H R I F T 
F Ü R N A T U R F O R S C H U N G 
Section C 
A Journal of Biosciences 
ISSN 0939-5075 
Managing Editor: 
H . Hausen, Tübingen 
Council: 
A . Butenandt, München 
M . Eigen, Göttingen 
H . Haken, Stuttgart 
Editors: 
A . Hager, Tübingen 
K . Hahlbrock, Köln 
W. Hasselbach, Heidelberg 
P. Karlson, Marburg 
F . Kaudewitz, München 
J. Kle in , Tübingen 
J. St. Schell, Köln 
Associate Editors: 
N . Amrhein, Zürich 
B. A . Askonas, London 
W. Barz, Münster 
P. Böger, Konstanz 
G . Bornkamm, Freiburg 
D . Bückmann, U l m 
H . Budzikiewicz, Köln 
K . G . Götz , Tübingen 
G . Gottschalk, Gött ingen 
P. Gruss, Heidelberg 
G . Isenberg, Köln 
G . Maaß , Hannover 
V. ter Meulen, Würzburg 
G . F . Meyer, Tübingen 
M . Rajewsky, Essen 
D . Schulte-Frohlinde, 
Mülheim/R. 
G . Schulz, Freiburg 
F. F . Seelig, Tübingen 
J. Seelig, Basel 
H . Simon, München 
W. Steglich, Bonn 
H . Stieve, Aachen 
J. Suko, Wien 
A . Trebst, Bochum 
G . Weissenböck, Köln 
G . Wiek, Innsbruck 
F. Wieland, Heidelberg 
V . Zimmermann, Würzburg 
Information for Contributors 
Contributions to Z . Naturforsch., Section C (biological sciences), may be (i) original 
papers, (ii) research notes not exceeding two pages in print and (iii) reports on cur-
rent research of special interest. Two copies of each contribution should bc sent to 
Dr. Helga Hausen, P. O. Box 2645, D-7400 Tübingen; (Section B (chemical sciences): 
Dr. Heide Voelter, P. O. Box 2645, D-7400 Tübingen; Section A (physical sciences): 
Mrs. Tamara Littmann, Lenzhalde 21, D-7082 Oberkochen). 
Contributors are encouraged to suggest possible reviewers of their papers. The 
manuscript should be type written using double spacing throughout. 
The title should be concise but informative. The names of the authors, with first 
names and initials, and of the institution where the work was carried out follow the 
title. A running title with not more than 60 characters should be indicated if the title 
is longer than this. 
In a footnote on the First page, please give an address for reprint requests. 
The title, a selfconsistant abstract, suitable for direct use by the abstracting Journals 
(no references to the main text), and five keywords, all in English, must precede the 
main text of each contribution. 
The main text should meet the highest Standards as to novelty of the material, Organ-
ization and conciseness. A qualified colleague and, if the text is in a foreign lan-
guage, a person who thoroughly knows it, should have been given the opportunity to 
check the paper before its Submission for publication. 
Papers, reporting mainly spectroscopic, X-ray or other data of no general relevancy 
should not be submitted. 
References and footnotes should be numbered (e.g. [1]) and listed at the end of the 
paper (e.g. [1] A . Meyer, Z. Naturforsch. 30c, 633 (1976)). 
Tables with the appropriate captions and a list of the figure legends should follow at 
the end of the paper. 
Allowance should be made for the reduetion in printing of the drawings (line thick-
ness, lettering!). Original drawings larger than 2l><30 cm should be replaced by 
copies of reduced size, when the manuscript is submitted and only be sent in when 
the manuscript is aeeepted. On all illustrations, the figure number and the authofs 
name must be written in pencil. 
The authors will reeeive page proofs. 
Changes in the text after aeeeptance of the paper and drawings not fit for direct re-
produetion cause delay and create extra costs which may be charged to the author. 
50 reprints are free of Charge; additional reprints cost D M - .20 per page. 
Information for Subscribers 
The subscription prices per year are for normal subscribers: 
Section A Section B Section C 
D M 6 1 6 . - D M 737.- D M 534.-
for authors and their institutions i f they order directly from the publishers: 
Section A Section B Section C 
D M 492.80 D M 589.60 D M 427.20 
plus postage and handling 
Section A Section B Section C 
D M 40. - (Germany) D M 4 0 . - (Germany) D M 40. - (Germans ) 
D M 4 5 . - (foreign countries) D M 4 5 . - (foreigncountries) D M 4 5 . - (foreign countrics) 
Single copies and back-numbers are available. 
Subscriptions will remain Standing for the following year unless cancellations are 
made by postage October Ist. 
Information for Advertisers 
The price for a small advertisement (breadth 43 mm, height 57 mm) in all threc sec-
tions of the Journal is D M 60 . - . 
For larger advertisements please order the price list from the publishers. 
V E R L A G D E R Z E I T S C H R I F T F Ü R N A T U R F O R S C H U N G , T Ü B I N G E N 
P. O. Box 2645, D-7400 Tübingen (Postscheck-Konto Stuttgart 8039-700). 
^Journal of Zeitschrift für Naturforschung C 
Biosciences 
ounded 1946 in the Institutes 
f the Max-Planck-Gesellschaft 
Volume 46 1991 
|erlag der Zeitschrift für Naturforschiu Tübingen 
Managing Editor: 
H . Hausen, Tübingen 
Council: 
A . Butenandt, München 
M . Eigen, Göttingen 
H . Haken, Stuttgart 
Editors: 
A . Hager, Tübingen 
K . Hahlbrock, Köln 
W. Hasselbach, Heidelberg 
P. Karlson, Marburg 
J . Klein, Tübingen 
J. St. Schell, Köln 
Associate Editors: 
N . Amrhein, Zürich 
B. A . Askonas, London 
W. Barz, Münster 
P. Böger, Konstanz 
G . Bornkamm, Freiburg 
D. Bückmann, Ulm 
H . Budzikiewicz, Köln 
K . G . Götz, Tübingen 
G . Gottschalk, Göttingen 
P. Gruss, Heidelberg 
G . Isenberg, Köln 
G . M a a ß , Hannover 
V . ter Meulen, Würzburg 
G . F. Meyer, Tübingen 
M . Rajewsky, Essen 
D . Schulte-Frohlinde, 
Mülheim/R. 
G . Schulz, Freiburg 
F. F. Seelig, Tübingen 
J. Seelig, Basel 
H . Simon, München 
W. Steglich, Bonn 
H . Stieve, Aachen 
J. Suko, Wien 
A . Trebst, Bochum 
G . Weissenböck, Köln 
G . Wiek, Innsbruck 
F. Wieland, Heidelberg 
V . Zimmermann, Würzburg 
Section a 
Physics, Physical Chemistry, Cosmic Physics 
Section b 
Inorganic and Organic Chemistry 
Anschrift des Verlages: Postfach 2645, D-7400 Tübingen 
Satz und Druck: Allgäuer Zeitungsverlag GmbH, Kempten 
ISSN 0939-5075 
Nachdruck - auch auszugsweise - nur mit schriftlicher Genehmigung des Verlages 
Band 46 c Zeitschrift für Naturforschung 1991 
Contents 
C o n t e n t s o f N u m b e r 1/2 
Invited Trends Article 
Towards an Understanding of Plant Gene Regula-
tion: The Act ion of Nuclear Factors 
K . W E I S I N G and G . K A H L 1 
Original Communications 
Chemical Constituents of the Liehen Cladina ma-
caronesica 
A . G . G O N Z A L E Z , J. B. B A R R E R A , E . M a R. P E -
R E Z , and C. E . H . P A D R Ö N 12 
On the Chemistry of the Liehen Genus Lasallia 
Merat (In German) 
B. POSNER, G . B. F E I G E , and C H . L E U C K E R T 19 
Growth and Secondary Product Formation of in 
vitro Cultures from the Liverwort Reboulia he-
misphaerica 
R. M . S. C M O R A I S and H . B E C K E R 28 
Enantioselective Multidimensional Gas Chroma-
tography of Some Secondary Alcohols and 
Their Acetates from Banana 
V . S C H U B E R T , R . D I E N E R , and A . M O S A N D L 33 
U V Radiation Dependent Flavonoid Accumula-
tion of Cistus laurifolius L . 
T H . V O G T , P . - G . G Ü L Z , and H . R E Z N I K 37 
Elicitor-Induced Formation of Pterocarpan Phy-
toalexins in Chickpea {Cicer arietinum L.) Cell 
Suspension Cultures from Constitutive Isofla-
vone Conjugates upon Inhibition of Phenylala-
nine Arnmonia Lyase 
U . M A C K E N B R O C K and W. B A R Z 43 
Characterization of Pectic Enzymes from the 
Chickpea Pathogen Ascoehyta rabiei 
R. T E N H A K E N and W. B A R Z 51 
Elicitor Induction of Cytochrome P-450 Monoox-
ygenases in Cell Suspension Cultures of Cickpea 
{Cicer arietinum L.) and Their Involvement in 
Pterocarpan Phytoalexin Biosynthesis 
W . G U N I A , W . H I N D E R E R , U . W I T T K A M P F , and 
W . B A R Z 58 
Ascorbic Acid as Indicator of Damage to Forest. 
A Correlation with A i r Quality 
H . B. S T E G M A N N , P. S C H U L E R , H. - J . R U F F , 
M . K N O L L M Ü L L E R , and W . L O R E T H 67 
On the Accessibility of Essential Tyrosines in Iso-
lated and Activated Chloroplast H + - A T P a s e 
S. B I C K E L - S A N D K Ö T T E R , K . ESSER, and M . H O R -
B A C H 71 
Local Anesthetic Binding to Thylakoid Mem-
branes. Relation to Inhibition of Light-Induced 
Membrane Energization and Photophosphory-
lation 
G . G Ü N T H E R and H . L A A S C H 79 
Inhibitory Effect of Crown Compound on Photo-
electron Transport Activity of Beet Spinach 
Thylakoid Membranes 
S. C. SABAT, V . VlJAYAVERGIYA, B. C. T R I P A -
T H Y , and P. M O H A N T Y 87 
X-Ray Structure Analysis of a Cyanoacrylate In-
hibitor of Photosystem II Electron Transport 
H . G . M C F A D D E N , D . C C R A I G , J. L . H U P P A T Z , 
and J. N . P H I L L I P S 93 
Characterization of Reaction Center-B 875 Com-
plex of Rhodocyclus gelatinosus: Q B Site Proper-
ties Derived from Reconstitution Experiments 
I. A G A L I D I S , E . R I V A S , and F . R E I S S - H U S S O N 99 
Cytoplasmic p H and Abscisic A c i d Transport 
across Guard Cell Membranes 
M . BAIER and W . H Ä R T U N G 106 
Identification by Gas Chromatography-Mass 
Spectrometry of 150 Compounds in Propolis 
W . G R E E N A W A Y , J. M A Y , T. S C A Y S B R O O K , and 
F. R. W H A T L E Y 111 
Contents IV 
Composition of the Surface Lipids from the Euro-
pean Mole ( Talpa europaea) 
J . J A C O B and U . H O P P E 122 
Biogenic Amine Levels in the Haemolymph of the 
Cabbage Armyworm Larvae (Mamestra brassi-
cae) Following Injection of Octopaminergic In-
secticides 
T. S H I M I Z U and N . T A K E D A 127 
X-Ray Studies on Phospholipid Bilayers. X . Inter-
actions with Chlortetracycline Hydrochloride 
M . S U W A L S K Y , F . N E I R A , and I. S Ä N C H E Z 133 
Product Release is Not the Rate-Limiting Step 
during Cytochalasin B-Induced ATPase Act ivi-
ty of Monomerie Actin 
P. D A N C K E R , L . HESS , and K . R I T T E R 139 
Incorporation of a Calliphora Arylphorin Gene 
into the Germ Line of Drosophila by P-Element-
Mediated Transformation 
M . D O R S C H and K . S C H E L L E R 145 
Glycogen Phosphorylase in the Fat Body of Two 
Cockroach Species, Periplaneta americana and 
Nauphoeta cinerea: Isolation, Partial Character-
ization of Three Forms and Activation by Hy-
pertrehalosaemic Hormones 
G . G Ä D E 149 
Haemocyanin Synthesis in the Crayfish, Astacus 
leptodaetylus: in vitro Production by the Midgut 
Gland after Addition of Oxygen Binding Modu-
lators and Exogenous Copper 
R. H E N N E C K E , G . G E L L I S S E N , and K . - D . S P I N D -
L E R 
163 
Notes 
Dimethyldithiolanes in the Anal Sac Secretion of 
the Weasel, Mustela nivalis 
A . J . B U G L A S S , F. M . C. D A R L I N G , and J . S. W A -
TERHOUSE 166 
C o n t e n t s o f N u m b e r 3/4 
Original Communications 
Lepistirones, Major Volatile Metabolites from 
Liquid Cultures of Lepista irina (Basidiomyco-
tina) 
W . - R . A B R A H A M , H.-P. H A N S S E N , and I. 
U R B A S C H 169 
Prenylated Flavanone Production in Callus Cu l -
tures ofSophoraflavescens var. angustifolia 
H . Y A M A M O T O , S. K A W A I , J . M A Y U M I , T. 
T A N A K A , M . I I N U M A , and M . M I Z U N O 172 
A New Investigation on Constituents of Aloe and 
Rhamnus Species, X V . Homonataloins A and B 
from Aloe lateritia: Isolation, Structure and 
Configurational Determination of the Diaste-
reomers (In German) 
H . - W . R A U W A L D and D . - D . N I Y O N Z I M A 177 
Occurrence of (-)-Geosmin and Other Terpenoids 
in an Axenic Culture of the Liverwort Symphyo-
gyna brongniartii 
J . S P Ö R L E , H . B E C K E R , N . S. A L L E N , and M . P. 
G U P T A 183 
Time-Course Studies of Phytoalexins and Gluco-
sinolates in UV-Irradiated Turnip Tissue 
K . M O N D E , M . T A K A S U G I , J . A . L E W I S , and 
G . R. F E N W I C K 189 
The Formation of Hydroxylated Phenazines by 
Pseudomonas fluorescens Y 4 upon Addit ion of 
Be 2 + to the Culture Medium - a Defense Mech-
anism? (In German) 
K . T A R A Z , E . M . S C H A F F N E R , H . B U D Z I K I E W I C Z , 
H . K O R T H , and G . P U L V E R E R 194 
Marine Biosurfactants, I. Screening for Biosurfac-
tants among Crude Oi l Degrading Marine 
Microorganisms from the North Sea 
D. S C H U L Z , A . PASSERI, M . S C H M I D T , S. L A N G , 
F . W A G N E R , V. W R A Y , and W . G U N K E L 197 
Marine Biosurfactants, II. Production and Char-
acterization of an Anionic Trehalose Tetraester 
from the Marine Bacterium Arthrobacter 
sp. E K 1 
A . PASSERI, S. L A N G , F. W A G N E R , and V . W R A Y 
204 
Contents 
Marine Biosurfactants, III. Toxicity Testing with 
Marine Microorganisms and Comparison with 
Synthetic Surfactants 
K . P O R E M B A , W . G U N K E L , S. L A N G , and F . 
W A G N E R 210 
The Expression of a Thlrd Nitrogenase in the 
Cyanobacterium Anabaena variabilis 
T. K E N T E M I C H , G . H A V E R K A M P , and H . B O T H E 
217 
Significance of the Non-Oxidative Pentose Phos-
phate Pathway in Aspergillus oryzae Grown on 
Different Carbon Sources 
M . L . P E L E A T O , T. M U I N O - B L A N C O , J . A . 
C E B R I A N P E R E Z , and M . J . L Ö P E Z - P E R E Z 223 
Resonance Raman Spectroscopic Evidence for the 
Identity of the Bacteriochlorophyll c Organiza-
tion in Protein-Free and Protein-Containing 
Chlorosomes from Chloroflexus aurantiacus 
P. H I L D E B R A N D T , K . G R I E B E N O W , A . R. H O L Z -
W A R T H , and K . S C H A F F N E R 228 
Analysis of Light-Induced Absorbance Changes in 
the Near-Infrared Spectral Region. I. Charac-
terization of Various Components in Isolated 
Chloroplasts 
C H . K L U G H A M M E R and U . SCHREIBER 233 
Turnover of the D - l Reaction Center Polypeptide 
from Photosystem II in Intact Spruce Needles 
and Spinach Leaves 
D . G O D D E , H . S C H M I T Z , and M . W E I D N E R 245 
Synthesis and Biological Behavior of a Boronated 
Analogue of the Antiestrogen U23,469-M 
F. W E L L M A N N , R. A B R A H A M , R. M Ü L L E R , and 
D . G A B E L 252 
Epoxyheptadecadienes Identified as Sex Phero-
mone Components of Tephrina arenacearia 
Hbn. (Lepidoptera: Geometridae) 
M . T Ö T H , G . SZÖCS, C. LÖFSTEDT, B. S. H A N S -
SON, F . S C H M I D T , and W . F R A N C K E 257 
Pheromone Blends of Predaceous Bugs (Hetero-
ptera: Pentatomidae: Podisus spp.) 
J . R. A L D R I C H , J . P. K O C H A N S K Y , W . R. L U S B Y , 
and M . B O R G E S 264 
Characterization of Two Thioredoxins in Pig 
Heart Including a New Mitochondrial Protein 
J . BODENSTEIN and H . F O L L M A N N 270 
V 
Cataract Induction by 1,2-Naphthoquinone. 
I. Studies on the Redox Properties of Bovine 
Lens Proteins 
E . K L E B E R , R. K R Ö N E R , and E . F . E L S T N E R 280 
Cataract Induction by 1,2-Naphthoquinone. 
II. Mechanism of Hydrogenperoxide Forma-
tion and Inhibition by Iodide 
R. K R Ö N E R , E . K L E B E R , and E . F . E L S T N E R 285 
Stochastic Treatment of Bump Latency and Tem-
poral Overlapping in Limulus Ventral Photo-
receptors 
R. L E D E R H O F E R , J . S C H N A K E N B E R G , and H . 
STIEVE 291 
On the Relationships between the Genetic Code 
Coevolution Hypothesis and the Physicochemi-
cal Hypothesis 
M . D i G I U L I O 305 
Temperature Dependence of the Rotational 
Mobili ty of the Sugar and Water Molecules in 
Concentrated Aqueous Trehalose and Sucrose 
Solutions 
N . K A R G E R and H . - D . L Ü D E M A N N 313 
Notes 
Accumulation of the Phytoalexin Glyceollin I in 
Soybean Nodules Infected by a Bradyrhizobium 
japonicum nif A Mutant 
M . P A R N I S K E , H . - M . F I S C H E R , H . H E N N E C K E , 
and D . W E R N E R 318 
Partial Characterization of a n t i - H L A Class II 
Antibodies Isolated by A i d of Sepharose-Pep-
tide Immunoadsorbents 
A . C H E R S I , M . C . M O R G A N T I - K O S S M A N N , M . 
E V A N G E L I S T A , and C . C E N C I A R E L L I 321 
C o n t e n t s o f N u m b e r 5/6 
Original Communications 
New Frond Exudate Flavonoids from Cheilan-
thoid Ferns 
E. W O L L E N W E B E R and J . N . R O I T M A N 325 
VI Contents 
Naturally Occurring Coumaranochroman-4-ones: 
a New Class of Isoflavonoids from Lupins and 
Jamaican Dogwood 
S. T A H A R A , M . M O R I Y A M A , S. O R I H A R A , J. L . 
I N G H A M , J. K A W A B A T A , and J. M I Z U T A N I 331 
Substrate Specificity in the Fungal Metabolism of 
Prenylated Flavonoids 
S. T A H A R A , J. L . I N G H A M , and J. M I Z U T A N I 341 
Novel Bisabolanoids in Rosa rugosa Leaves 
Y . H A S H I D O K O , S . T A H A R A , a n d J . M I Z U T A N I 349 
Highly Oxygenated Bisabolanoids in Rosa rugosa 
Leaves 
Y . H A S H I D O K O , S. T A H A R A , N . I W A Y A , and 
J. M I Z U T A N I 357 
Cell Free Synthesis of oSuccinylbenzoic Ac id in 
Protein Extracts from Anthraquinone and Phyl-
loquinone (Vitamin K , ) Producing Plant Cell 
Suspension Cultures. Occurrence of Interme-
diates between Isochorismic and ö-Succinyl-
benzoic Ac id 
M . SIMANTIRAS and E . L E I S T N E R 364 
Hydroxyphenylpyruvate Reductase from Cell Sus-
pension Cultures of Coleus blumei Benth. 
E. H Ä U S L E R , M . P E T E R S E N , and A . W . A L F E R -
M A N N 371 
Further Studies of Sequestration of Alkaloids in 
Papaver somniferum L . Latex Vacuoles 
M . F. R O B E R T S , B. C . H O M E Y E R , and T. D . T. 
P H A M 377 
Biosynthesis of Gallotannins. ß-Glucogallin-De-
pendent Galloylation of 1,6-Digalloylglucose to 
1,2,6-Trigalloylglucose 
G . G . G R O S S and K . D E N Z E L 389 
Biotransformation of ß-Damascone by Botrytis 
cinerea 
E. S C H W A B and P. S C H R E I E R 395 
On the Genesis of the Dicarboxylic Acids Bound 
Amidically to the Chromophor of the Pyover-
dins (In German) 
H . SCHÄFER, K . T A R A Z , and H . B U D Z I K I E W I C Z 
398 
The Effect of Activated Oxygen Species on Nitro-
genase of Anabaena variabilis 
S. N . B A G C H I , A . E R N S T , and P. B Ö G E R 407 
Oligomeric Forms of Pyruvate Kinase from Chlo-
rella with Different Kinetic Properties 
G . R U Y T E R S , N . G R O T J O H A N N , and W . K O W A L -
L I K 416 
Calprimetric Study on the Interactions of 5-/?-
Heptadec(en)ylresolcinols from Cereal Grains 
with Zwitterionic Phospholipid (DPPC) 
A . B. H E N D R I C H and A . K O Z U B E K 423 
Ions Modify the Strength of Interaction of Diquat 
and Paraquat with Some Proteins and Cellulose 
T. CsERHÄTi and Z . SZIGETI 428 
Slit Scan Flow Cytometry of Isolated Chromo-
somes Following Fluorescence Hybridization: 
an Approach of Online Screening for Specific 
Chromosomes and Chromosome Transloca-
tions 
M . H A U S M A N N , G . D U D I N , J. A . A T E N , R. H E I -
L I G , E. D I A Z , and C H . C R E M E R 433 
Podoscyphic Ac id , a New Inhibitor of Avian Mye-
loblastosis Virus and Moloney Murine Leuke-
mia Virus Reverse Transcriptase from a Podos-
cypha Species 
G . E R K E L , T. A N K E , R. V E L T E N , and W . S T E G -
L I C H 442 
Electrogenic N a + - C a 2 + Exchange Contributes to 
the Light Response of Fly Photoreceptors 
P. H O C H S T R A T E 451 
Single Photon-Evoked Events of the Ventral 
Nerve Photoreceptor Cell of Limulus. Facilita-
tion, Adaptation and Dependence of Lowered 
External Calcium 
H . STIEVE, H . REUSS , H . T. H E N N I G , and 
J. K L O M F A S S 461 
Shear Deformation of the Spherical Shell Acted on 
by an External Alternating Electric Field: Possi-
ble Applications to Cell Deformation Experi-
ments 
P. P A W L O W S K I and M . F I K U S 487 
Notes 
Flavonoid Aglycones from the Bud Exudates of 
Three Betulaceae 
E . W O L L E N W E B E R , K . M A N N , and J. N . R O I T -
M A N 495 
Contents 
Squaric A c i d Diethylester: A Simple and Conven-
ient Coupling Reagent 
K . - H . G L Ü S E N K A M P , W. D R O S D Z I O K , G . 
E B E R L E , E . J Ä H D E , and M . F . R A J E W S K Y 498 
Phosphoenolpyruvate Carboxylase Activity in 
Norway Spruce Needles: Effects of A i r Pollu-
tants under Controlled Conditions 
H . H O H L F E L D , C. L Ü T Z , and D . S T R A C K 502 
C o n t e n t s o f N u m b e r 7/8 
Original Communications 
New Triterpenes from the Frond Exudate of the 
Fern Notholaena rigida 
F. J . A R R I A G A - G I N E R , J . R U L L K Ö T T E R , T. M . 
P E A K M A N , and E. W O L L E N W E B E R 507 
New Isoflavone Glucosides from White Lupin 
(Lupinus albus L.) 
Y . S H I B U Y A , S. T A H A R A , Y . K I M U R A , and J. 
M I Z U T A N I 513 
Identification of Tropane Alkaloids in Hairy Root 
Cultures of Hyoscyamus albus 
K . D O E R K , L . W I T T E , and A . W. A L F E R M A N N 
519 
Variants of Pseudobactin and Pseudobactin A : 
New Pyoverdin Type Peptide Siderophores 
from Pseudomonas fluorescens "E2" 
(In German) 
K . T A R A Z , D . SEINSCHE, and H . B U D Z I K I E W I C Z 
522 
Ferribactins - the Biogenetic Precursors of Pyo-
verdins 
K . T A R A Z , R. T A P P E , H . S C H R Ö D E R , U . H O H L N -
EICHER, I. G W O S E , H . B U D Z I K I E W I C Z , G . M O H N , 
and J. F . L E F E V R E 527 
Two Pyoverdins from Pseudomonas aeruginosa R . 
(In German) 
S. G I P P , J. H A H N , K . T A R A Z , and H . B U D Z I K I E -
W I C Z 534 
Control by Light Quality of Chlorophyll Synthesis 
in the Brown Alga Desmarestia aculeata 
F . L Ö P E Z - F I G U E R O A 542 
V I I 
Photophysical and Photochemical Properties of 
2,3-Dihydro-4(l H)-quinolinones. Part II. Rates 
and Mechanism of Primary Processes 
S N . B A K A L O V A , L . B I C Z Ö K , and T. B E R C E S 549 
A Contact Site between the Two Reaction Center 
Polypeptides of Photosystem II Is Involved in 
Photoinhibition 
A . T R E B S T 557 
Photoautotrophic Cultured Plant Cells: A Novel 
System to Survey New Photosynthetic Electron 
Transport Inhibitors 
F. S A T O , Y . Y A M A D A , S. S. K W A K , K . ICHINOSE, 
M . K I S H I D A , N . T A K A H A S H I , and S. Y O S H I D A 563 
Long-Term Effect of Diuron on Chlorophyllous 
Callus of Bromus erectus: L i p i d Composition 
M . E L K A O U A , E. D U V A L , and D . L A V A L -
M A R T I N 569 
Activity of Photosystem II Herbicides Is Related 
with Their Residence Times at the D 1 Protein 
J. D . N A B E R and J. J . S. V A N R E N S E N 575 
Volatile Constituents from Crotalaria ochroleuca 
and Their Effect on Pest Insects (In German) 
H . J. B E S T M A N N , M . P I E T S C H M A N N , K . STEIN-
MEIER, and O . V O S T R O W S K Y 579 
o-Succinylbenzoate: Coenzyme A Ligase, an En-
zyme Involved in Menaquinone (Vitamin K 2 ) 
Biosynthesis, Displays Broad Specificity 
H.-J . S I E W E K E and E . L E I S T N E R 585 
Induction of Nitrate Reductase Activity by Argi -
nine in the Filamentous Cyanobacterium Oscil-
latoria chalybea 
J. B E D N A R Z and G . H . S C H M I D 591 
Activities and Regulation of Enzymes of Carbohy-
drate Metabolism in Spruce (Picea abies) 
M . B O L L 597 
Plant ADP-Glucose Pyrophosphorylase - Recent 
Advances and Biotechnological Perspectives 
(A Review) 
L . A . K L E C Z K O W S K I , P. V I L L A N D , A . L Ö N N E -
BORG, O . - A . O L S E N , and E . L Ü T H I 605 
Two Separate Genes Encode the Catalytic 70 k D a 
V-ATPase Subunit in Psilotum and Equisetum 
T H . S T A R K E , T. P. L I N K K I L A , and J. P. G O G A R -
T E N 613 
Contents VIII 
Effect of Azide on the ATPase Activity of Isolated 
C F , 
I. B. M I N K O W and H . S T R O T M A N N 621 
Mass Spectrometric Analysis of N 2 -Formation In-
duced by the Oxidation of Hydrazine and Hy-
droxylamine in Flash Illuminated Thylakoid 
Preparations of the Filamentous Cyanobacte-
rium Oscillatoria chalybea 
P. H E , K . P. B A D E R , and G . H . S C H M I D 6 2 9 
Contrasting pH-Optima of Light-Driven 0 2 - and 
H 2 0 2 -Reduct ion in Spinach Chloroplasts as 
Measured via Chlorophyll Fluorescence 
Quenching 
U . SCHREIBER, H . REISING, and C H . N E U B A U E R 
6 3 5 
Monosaccharides and Disaccharides Decrease the 
Km for Phosphorylation of a Membrane-Bound 
Enzyme ATPase 
E. N . C H I N I , J. R. M E Y E R - F E R N A N D E S , and M . 
S O L A - P E N N A 6 4 4 
X - R a y Studies on Phospholipid Bilayers. X I . In-
teractions with Chloramphenicol 
M . S U W A L S K Y , M . A . E S P I N O Z A , I. S Ä N C H E Z , 
and F. V I L L E N A 6 4 7 
Phenotypic Traits and Regulatory Role of R N A 
Folding in Molecular Selection 
A . F E R N Ä N D E Z 6 5 6 
Specific Crystal Chemical Interactions between 
Carcinogenic Aromatic Compounds and Cho-
lesterol 
B. C O N T A G 663 
Studies in Enteric Anthelmintics: Activity Profile 
of Prodrug of a Bisbenzimidazole 
A . M . K H A N , S. G U P T A , J. C K A T I Y A R , S. K . 
S I N G , V . L . S H A R M A , S. S H A R M A , and A . P. 
B H A D U R I 6 7 3 
Cyclic Glycerol Acetals from the Abdominal Hair 
Pencil Secretion of the Male African Sugarcane 
Borer Eidana saccharina (Lepidoptera: Pyrali-
dae) 
B. V . B U R G E R , A . E . N E L L , D . SMIT , and H . S. C. 
SPIES 678 
Propagation of Voltage Transients in Arborized 
Neuntes of Retzius Cells of the Leech in Culture 
P. F R O M H E R Z and T H . V E T T E R 6 8 7 
Directed Cell Movement with Steric Exclusion 
H . G R U L E R 6 9 7 
Notes 
No Correlation between Plasmid Content and 
Ability to Reduce Nitrate in Wild-Type Strains 
of Rhodobacter capsulatus 
A . W I T T and J . - H . K L E M M E 7 0 3 
Growth Inhibitions on Human Cancer Cell Cu l -
tures with the Indole Sulphur-Containing 
Phytoalexins and Their Analogues 
C H . T E M P E T E , M . D E V Y S , and M . B A R B I E R 7 0 6 
C o n t e n t s o f N u m b e r 9 / 1 0 
Invited Trends Article 
Duplicated Sequence Elements and Their Func-
tion in Plant Mitochondria 
B. W I S S I N G E R , R. H I E S E L , W . S C H O B E L , M . U N -
SELD, A . B R E N N I C K E , and W . S C H U S T E R 7 0 9 
Original Communications 
U V - V I S Absorption Spectra at High Pressure of 
C-Phycocyanin and Allophycocyanin from 
Mastigocladus laminosus 
S. S C H N E I D E R , T H . W O K U S C H , H . T I L T S C H E R , 
R. F I S C H E R , and H . S C H E E R 7 1 7 
Isoflavone Glycoside Formation in Transformed 
and Non-Transformed Suspension and Hairy 
Root Cultures of Lupinus polyphyllus and Lupi-
nus hartwegii 
J. B E R L I N , L . F E C K E R , C. R Ü G E N H A G E N , C . S A -
TOR, D . S T R A C K , L . W I T T E , and V . W R A Y 7 2 5 
Effects of Culture Conditions on Isoflavonoid 
Levels of Transformed and Non-Transformed 
Cultures of Lupinus - a Comparison of Suspen-
sion and Hairy Root Cultures 
J. B E R L I N , C . R Ü G E N H A G E N , M . R I P P E R T , and 
S. E R D O G A N 7 3 5 
Contents 
Surface Structure and Chemical Composition of 
Epicuticular Waxes during Leaf Development 
of Tilia tomentosa Moench. 
P . -G . G Ü L Z , R. B. N . P R A S A D , and E . M Ü L L E R 
743 
Are Bacterial Sensory Systems Models for Phyto-
chrome Action? Hydrophobie Cluster Analysis 
of the Phytochrome Module Related to Bacteri-
al Transmitter Modules 
H . A . W. S C H N E I D E R - P O E T S C H , C H . SENSEN, and 
S. H A N E L T 750 
Subunit 6 of Chloroplast F 0 F r A T P a s e and O S C P 
of Mitochondrial F ^ - A T P a s e : a Comparison 
by CD-Spectroscopy 
S. E N G E L B R E C H T , J . R E E D , F . P E N I N , D . C . 
G A U T H E R O N , and W. J U N G E 759 
Sequence Analysis of the D 1 and D 2 Reaction 
Center Proteins of Photosystem II 
B. SVENSSON, I. V A S S , and S T . S T Y R I N G 765 
Inhibition of Oxygen Evolution by Cacalol and Its 
Derivatives 
B. L O T I N A - H E N N S E N , J . L . R O Q U E - R E S E N D I Z , 
M . J IMENEZ, and M . A G U I L A R 777 
N-Acetyl-ß-D-hexosaminidases of the Brine 
Shrimp Artemia: Partial Purification and Char-
acterization 
K . - D . S P I N D L E R and B. F U N K E - H Ö P F N E R 781 
Protein Drugs Stabilized by Heavy Water (D 2 0) . 
For Example: Human Cholinesterase (In Ger-
man) 
C H . H E Y D E and M . W E N Z E L 789 
Milestones in the Development of Herbicide 
Safeners 
G . R. STEPHENSON and T. Y A A C O B Y 794 
Chemistry and Structure-Activity Relationships of 
Herbicide Safeners 
T. K Ö M I V E S and K . K . H A T Z I O S 798 
Bioactive Chemical Bond Systems in Safeners and 
Prosafeners 
F. D U T K A 805 
Chemical Reactivity and Safener Activity of 
Acetal Compounds 
Z. E K L E R and F . D U T K A 810 
I X 
Dithiocarbamate Derivatives as Herbicide Safe-
ners 
G . M A T O L C S Y , Ä. T O M B O R , and A . GIMESI 815 
A n Overview of the Mechanisms of Action of 
Herbicide Safeners 
K . K . H A T Z I O S 819 
Comparative Effectiveness and Mode of Action of 
Safeners for Chloroacetamide Herbicides in 
Maize Seedlings 
Z. E K L E R and G . R . S T E P H E N S O N 828 
Basis for Differential Chemical Selectivity of 
MG-191 Safener against Acetochlor and E P T C 
Injury to Maize 
I. J A B L O N K A I 836 
Influence of the Safener Benoxacor on the Metab-
olism of Metolachlor in Corn 
C. K . C O T T I N G H A M and K . K . H A T Z I O S 846 
Glutathione S-Transferase Activity in Nontreated 
and CGA-154281-Treated Maize Shoots 
J . V . D E A N , J . W. G R O N W A L D , and M . P. 
A N D E R S O N 850 
Effect of Temperature and Safeners on Gluta-
thione Levels and Glutathione S-Transferase 
Activity in Maize 
D. L . K U N K E L , J . C . STEFFENS, and R. R. B E L -
LINDER 856 
Effects of the Herbicide Pretilachlor and the Safe-
ner Fenclorim on Glutathione Content and 
Glutathione-Dependent Enzyme Activity of 
Rice 
S. H A N and K . K . H A T Z I O S 861 
Effects of Phenylamide Pesticides on the G S H -
Conjugation System of Phytophthora spp. 
Fungi 
G . O R O S and T. K Ö M I V E S 866 
Enhanced Inducibility of Antioxidant Systems in a 
Nicotiana tabacum L . Biotype Results in A c i -
fluorfen Resistance 
G . G U L L N E R , T. K Ö M J V E S , and L . K I R Ä L Y 875 
The Effect of B A S 145138 Safener on Chlorimu-
ron Ethyl Metabolism and Toxicity in Corn 
G . L . L A M O U R E U X and D . G . RUSNESS 882 
X Contents 
Mode of Safener Action of Dimepiperate, a Thiol-
carbamate Herbicide, on Bensulfuron Methyl 
Activity 
T . Y U Y A M A , S. S H I R A K U R A , and K . I S H I Z U K A 887 
Mode of Action of Naphthalic A c i d as a Safener 
for Imazethapyr 
D . L . S H A N E R 893 
Naphthalic Anhydride Induces Imazethapyr Me-
tabolism and Cytochrome P-450 Activity in 
Maize 
M . B A R R E T T and J . M . M A X S O N 897 
Metabolism of the Aryloxyphenoxypropanoate 
Herbicide, C G A 184927, in Wheat, Barley and 
Maize: Differential Effects of the Safener, C G A 
185072 
K . K R E U Z , J . G A U D I N , J . S T I N G E L I N , and 
E. E B E R T 901 
Influence of Safeners on the in vivo and in vitro 
Metabolism of Bentazon and Metolachlor by 
Grain Sorghum Shoots: a Preliminary Report 
D . E . M O R E L A N D and F . T. C O R B I N 906 
Antagonistic Interactions of Mefenacet with In-
hibitors of Monooxygenases 
C. F E D T K E 915 
Effect of the Safener Dichlormid on Maize Per-
oxygenase and Lipoxygenase 
E. B L E E 920 
Effects of E P T C and Dichlormid on Membrane 
Lipid Composition of Maize Leaves and Roots 
I. Cs. B A R T A 926 
Effect of a Safener Towards Thiocarbamates on 
Plant Lip id Metabolism 
K . O. A B U L N A J A and J . L . H A R W O O D 931 
Effects of the Herbicide Sethoxydim and the Safe-
ner Dichlormid on L ip id Synthesis and Acetyl-
C o A Carboxylase Activity of Gra in Sorghum 
K . K . H A T Z I O S 934 
Influence of BAS-145138 on the Activity of Sul-
fonylurea and Imidazolinone Herbicides 
R. M . D E V L I N and I . I. Z B I E C 939 
Safeners as Corn Seedling Protectants against 
Acetolactate Synthase Inhibitors 
H . M . M i L H O M M E , C H . R O U X , andJ. B A S T I D E 945 
Oxabetrinil Reversal of Metolachlor and A c i d Soil 
Stress 
R. E . W I L K I N S O N and R. R. D U N C A N 950 
Antagonism by Clopyralid of Picloram-Induced 
Ethylene Biosyn thesisin Rapeseed Plants 
J . C H . H A L L and M . SONI 957 
Notes 
Iridoid Glucosides from Plantago altissima L . , 
Plantago lanceolata L . , Plantago atrata Hoppe 
and Plantago argentea Chaix. 
N . H A N D J I E V A , H . S A A D I , and L . E V S T A T I E V A 
963 
The Inhibition of Glutathione Reductase by Qui-
nones 
D . A . B I R O N A I T E , N . K . C E N A S , J . J . K U L Y S , 
A . G . M E D E N T S E V , and V . K . A K I M E N K O 966 
C o n t e n t s o f N u m b e r 11/12 
Invited Trends Article 
Plant Resistance Genes for Fungal Pathogens -
Physiological Models and Identification in 
Cereal Crops 
W . K N O G G E 969 
Original Communications 
Quantitative Characterization of Soil Organic 
Matter and Its Fractionation Products by Solid 
State High Resolution C-13 ( C P M A S ) Spec-
troscopy 
R. F R Ü N D and H . - D . L Ü D E M A N N 982 
Omphalone, an Antibiotically Active Benzoqui-
none Derivative from Fermentations o>f Lenti-
nellus omphalodes 
A . S T Ä R K , T . A N K E , U . M O C E K , and W . S T E G -
L I C H 989 
Contents 
Isolation and Spectroscopic Characterization of 
the Pyoverdin Chromophore and of Its 
5-Hydroxy Analogue (In German) 
J . M I C H E L S , H . B E N O N I , G . BRISKOT, J . L E X , 
H . S C H M I C K L E R , K . T A R A Z , H . B U D Z I K I E W I C Z , 
H . K O R T H , and G . P U L V E R E R 9 9 3 
Iridoids from Plantago carinata Schrad. 
H . S A A D I , N . H A N D J I E V A , A . I V A N O V A , and 
S. P O P O V 1001 
UDP-D-Xylose : Flavonol 3-O-Xylosyltransferase 
from Young Leaves of Euonymus alatus f. cilia-
to-dentatus 
N . IsHiKURA and Z . Y A N G 1003 
Acceleration of Enzyme-Dependent Carthamin 
Formation by Manganese with Diversed 
Valence States 
K . S A I T O 1011 
Studies on Porphobilinogen-Deaminase from Sac-
charomyces cerevisiae 
S. R . C O R R E A G A R C I A , M . V. ROSSETTI, and 
A . M . D E L C . B A T L L E 1 0 1 7 
Inactivation of Photosynthetic 0 2 Evolution in the 
Cyanobacterium Anacystis nidulans P C C 6 3 0 1 : 
Influence of Nitrogen Metabolites and Divalent 
Cat ion Concentration 
G . W Ä L Z L E I N and E. K . PISTORIUS 1024 
The Flash Pattern of Photosynthetic Oxygen Evo-
lution after Treatment with Low Concentra-
tions of Hydroxylamine as a Function of the 
Previous S^So-Ratio. Further Evidence that 
N H 2 O H Reduces the Water Oxidizing Complex 
in the Dark 
J . M E S S I N G E R , S. P A U L Y , and H . T . W I T T 1033 
Is the in vivo Photosystem I Function Resistant to 
Photoinhibition? A n Answer from Photoacous-
tic and Far-Red Absorbance Measurements in 
Intact Leaves 
M . H A V A U X and M . E Y L E T T E R S 1038 
Functional Complementation in Escherichia coli 
of Different Phytoene Desaturase Genes and 
Analysis of Accumulated Carotenes 
H . L I N D E N , N . M I S A W A , D . C H A M O V I T Z , 
I. P E C K E R , J . H I R S C H B E R G , and G . S A N D M A N N 
1045 
X I 
The Greening Process in Cress Seedlings. III. Age-
Dependent Changes in the Capacity of the 
Tetrapyrrole Pathway 
U . OSTER, I. B L O S , and W . R Ü D I G E R 1052 
Thiazolylidene-Ketonitriles are Efficient Inhibi-
tors of Electron Transport in Reaction Centers 
from Photosynthetic Bacteria 
W . OETTMEIER, S. PREUSSE, and M I C H A E L H A E F S 
1059 
Replication of C o l E 1 -Related Plasmids at In-
creased Growth Temperature in Dependence on 
the R o m Function (In German) 
S. R I E T H D O R F , A . U L R I C H , and M . H E C K E R 1063 
Aromatherapy: Evidence for Sedative Effects of 
the Essential Oi l of Lavender after Inhalation 
G . B U C H B A U E R , L . J I R O V E T Z , W . JÄGER, H . 
D I E T R I C H , C H . P L A N K , and E . K A R A M A T 1067 
Semiochemicals of the Scarabaeinae, III: Identifi-
cation of the Attractant for the Dung Beetle 
Pachylomerus femoralis in the Fruit of the 
Spineless Monkey Orange Tree, Strychnos 
madagascariensis 
B. V . B U R G E R and W . G . B. PETERSEN 1073 
Uresiphita reversalis (Lepidoptera: Pyralidae): 
Carrier-Mediated Uptake and Sequestration of 
Quinolizidine Alkaloids Obtained from the 
Host Plant Teline monspessulana 
M . W I N K , C. B. M O N T L L O R , E. A . B E R N A Y S , and 
L . W I T T E 1080 
Hormonal Regulation of Acetylcholinesterase in 
an Epithelial Cell Line from Chironomus tentans 
M . S P I N D L E R - B A R T H 1089 
Teratogenic and Metamorphosis-Inhibiting Activ-
ity of Retinole Ac id in Ciona intestinalis 
(In German) 
J . M . D E N U C E 1094 
Studies on Uroporphyrinogen Biosynthesis in Pig 
Liver 
S. A . F U M A G A L L I , M . L . K O T L E R , M . V . R O S -
SETTI, and A . M . D E L C. B A T L L E 1101 
The Modulation of the Calcium Transport by 
Skeletal Muscle Sarcoplasmic Reticulum in the 
Hibernating European Hamster 
B. A G O S T I N I , L . D E M A R T I N O , B . S O L T A U , and 
W . H A S S E L B A C H 1109 
XII Contents 
Notes 
Occurrence of Jasmonic A c i d in the Red Alga 
Gelidium latifolium 
M . V . K R U P I N A and W . D A T H E 1127 
A Simple Method for Counting Small Numbers of 
Cells by Flow Cytometry 
S. B L A S S and K . L E N N A R T Z 1130 
Synchronized Activity in the Insect Brain 
K . K I R S C H F E L D 1134 
Subject Index 1137 
Authors Index 1160 
318 Notes 
Accumulation of the Phytoalexin Glyceollin I in 
Soybean Nodules Infected by a 
Bradyrhizobium japonicum nifA Mutant 
Martin Parniske a, Hans-Martin Fischer b, Hauke 
Henneckeb, and Dietrich Werner 3 
a Fachbereich Biologie, Botanisches Institut der Phi-
lipps-Universität Marburg, Karl-von-Frisch-Straße, 
D-3550 Marburg, Bundesrepublik Deutschland 
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nische Hochschule, Schmelzbergstraße 7, 
CH-8092 Zürich, Switzerland 
Z. Naturforsch. 46 c, 318 - 320 (1991); 
received September 22/ November 2, 1990 
Glycine, Hypersensitive Response, Radioimmuno-
assay, Symbiosis 
The mutation of the nifA gene of Bradyrhizobium ja-
ponicum leads to a pathogenic-like response of the host 
plant. Soybean nodules induced by the nifA mutant 
A 9 exhibited Symptoms of a hypersensitive reaction 
(HR) normally observed in plant pathogen interac-
tions as localized death of infected cells and the accu-
mulation of the phytoalexin glyceollin I. Little or no 
glyceollin I was present in nodules elicited by wild type 
B. japonicum 1 \0spc4. 
Bradyrhizobium japonicum fixes nitrogen in 
symbiotic root nodules of its host plant Glycine 
max. A number of B. japonicum genes have been 
identified that are necessary for the establishment 
of an effective interaction [1]. Apart from the nif 
and fix genes that are directly involved in the proc-
ess of nitrogen fixation, other genes are required 
for the specific communication between the two 
symbiotic partners (for review see [2]). 
The nif and fix genes are under positive control 
by the regulatory nifA gene [3, 4]. Mutations in any 
of the nifD, nifK, nif'H, nifE, nifN, nifS, nifBJixA, 
fixB, or fixC genes lead to normally developed, 
though ineffective, nodules [5-8]. In marked con-
trast, deletion of the regulatory gene nifA has a 
pleiotropic effect on symbiosis: nodules elicited by 
a B. japonicum nifA mutant strain are not only in-
effective but also show severe degradation of the 
nodule tissue. A striking feature of these nodules is 
their necrotic appearance not later than 20 days 
after infection [3, 9]. This phenotype suggests that 
a plant defence response takes place upon infec-
Reprint requests to Prof. Dr . D . Werner. 
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 
0939 - 5075/91/0300-0318 $ 01.30/0 
tion with the nifA mutant strain, i.e. the symbiotic 
interaction appears to have changed to a patho-
genic one. It is known that in response to a patho-
genic infection soybeans synthesize the phytoalex-
in glyceollin I [10]. Here we report that soybean 
nodules formed by nifA' B. japonicum induce a 
similar response. 
B. japonicum WOspcA (wild type) and its nifA~ 
derivative A 9 were grown as described [3]. Strain 
A 9 was constructed by replacing a 838 bp nifA-in-
ternal Xhol fragment by a 2347 bp Xhol fragment 
from transposon Tn5 encoding the kanamycin re-
sistance gene aphll. For details see Fischer et cd. [3] 
and Thöny etal.[\X\. 
Plant infection tests with Glycine max L . Merr. 
cv. Preston and cv. Williams were performed as re-
ported previously [5] except that seed surface ster-
ilization was done in 0.7% sodium hypochlorite, 
and the plants were grown in wide-necked glass 
jars. On days 12, 15, 18, 21, 24, 27 and 30 after in-
fection all nodules from three plants infected with 
B. japonicum wild type or nifA mutant strains were 
coilected separately and used for the determina-
tion of glyceollin I contents using a radioimmu-
noassay as described by Hahn et cd. [10] modified 
by[12]. 
Düring the sampling period from day 12 to day 
30 after infection little or no glyceollin I was de-
tected in nodules formed by B. japonicum wild type 
strain MQspcA. By contrast, from day 12 to day 
15, glyceollin I concentration in nodules elicited by 
the nifA mutant showed a marked increase to a 
level of approx. 6 pmol per g nodule dry weight 
which was maintained until day 30 after infection 
(Fig. 1). Due to the small size of the nodules no ac-
curate glyceollin I determinations could be per-
formed before day 12. At day 12 glyceollin I con-
centrations in nodules of the nifA mutant exhibit-
ed strong variations from plant to plant. Some 
plants had nodules with no detectable glyceollin I 
(as in wild type-induced nodules) while others had 
already accumulated significant levels of the phy-
toalexin. This indicated that the specific plant de-
fence response against the B. japonicum mutant 
strain was elicited around or shortly before day 12 
in the infection process. The cultivars Preston and 
Williams both responded with glyceollin I accu-
mulation. Cultivar Williams produced a slightly 
higher amount of glyceollin I than cv. Preston 
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Fig. 1. Development of glyceollin I accumulation in no-
dules of G. max cv. Preston infected with B. japonicum 
wild type 1\0spc4 (O) or nifA mutant A 9 ( • ) . In the pe-
riods indicated in the upper part of the figure the follow-
ing observations were made: ( ), macroscopically 
visiblc necrosis of nodule tissue beginning in the center 
of the nodules; ( ), simultaneous occurrence of intact 
and disintegrated infected plant cells as observed by elec-
tron microscopy [15]; (+ + +), predominant occurrence 
of disintegrated infected plant cells. 
Parallel to these experiments we examined the 
nodule morphology by electron microscopy. We 
conFirmed the previously reported observations by 
Studer et al. [9]. Beginning at day 12 after inocula-
tion, localized death of infected plant cells was in-
dicated by lysis and complete loss of cellular com-
partmentalization in nodules of the nifA mutant. 
Adjacent, non-infected plant cells did not show 
Symptoms of cell disintegration (data not shown). 
About eight days after the onset of glyceollin I 
production, i.e. at a later stage of the plant defence 
response, necrosis of the nodule tissue became visi-
ble macroscopically. Nodules with visible necrosis 
always contained high amounts of phytoalexin. 
The two features, phytoalexin accumulation and 
localized cell death at the infection site, are the 
main Symptoms of a hypersensitive response (HR) 
described for incompatible plant-pathogen inter-
actions [13]. By these reactions, the soybean re-
sponse to infection by B. japonicum A 9 is indistin-
guishable from that of an incompatible plant 
pathogen. Furthermore, the level of glyceollin I 
observed in nodules of the nifA mutant was in the 
same ränge as found in the pathogenic interaction 
of soybeans with the fungus Phytophtora mega-
sperma f. sp. glycinea [10]. Interestingly, elevated 
glyceollin I levels have also been observed in inef-
fective soybean nodules induced by the genetically 
undefined B. japonicum strain 61 A 24 [14]. 
Djordjevic et al. [15] described a HR-like re-
sponse in root hairs of Macroptilium atropurpu-
reum after infection with an adenine-auxotrophic, 
Polysaccharide overproducing Tn5 mutant of the 
fast-growing broad-host-range Rhizobium sp. 
N G R 2 3 4 . This Observation, together with the re-
sults presented here, suggest that wild type rhizo-
bia have genes and gene products preventing the 
plant defence response. Depending on the rhizobi-
al mutant strain analyzed, it appears that the de-
fence response is elicited either at an early stage, 
i.e. during the initial infection process, or at a late 
stage, i.e. when nodule formation is already com-
pleted as exemplified by B. japonicum A 9 . Since it 
is known that nifA is involved in the activation of 
numerous nif and fix genes [3, 4], induction of a 
H R in nodules of B. japonicum A 9 is probably due 
to the altered expression of one or several nifA-
controlled genes rather than to the absence of 
Ni fA per se. 
In addition, the defence response can be host 
controlled, because B. japonicum strain 123 was 
shown to form effective nodules with low glyceol-
lin I content on G. max, but induced a H R in no-
dules of G. soja PI 468 397 [12]. 
Finally, it is interesting to note that in Pseudo-
monas syringae pv. phaseolicola a regulatory gene 
(hrpS) has been identified which shows homology 
to the rhizobial nifA genes. This gene is required 
for the pathogenic interaction with the host plant 
as well as for the induction of a H R on non-host 
plants [16, 17]. In the symbiotic as well as in the 
pathogenic plant-bacterium interaction the pres-
ence of a functional nifA gene or nifA-homologUQ 
appears to be essential for a compatible interac-
tion. 
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